The variability within rows of cultivation may reduce the accuracy of experiments conducted in a complete randomized block design if the rows are considered as blocks, however, little is known about this variability in protected environments. Thus, our aim was to study the variability of the fresh mass in lettuce shoot, growing in protected environment, and to verify the border effect and size of the experimental unit in minimizing the productive variability.
INTRODUCTION
In 2013, the area planted with horticultural crops in Brazil achieved 800,1 thousand hectares, reaching a total production of ~18.8million tons (IBGE 2014) . Among these crops, lettuce stands out as the most consumed leafy vegetables in Brazil, reaching more than 14 million plants cultivated in 2013, with a crescent increase each year (Santos 2015) . Despite, there is still demand for growth of this crop in the country, since the consumption of vegetables in Brazil still does not correspond to that recommended by the World Health Organization.
Vegetable production has been oscillating over the years influenced, among other factors, by climatic adversities (Reetz et al. 2014 ). An efficient way of minimizing the effects of climatic adversities and obtaining stable lettuce production throughout the year is the use of protected environments (Goto 1997 ), a crescent alternative in Brazil.
Protected environments may be as, or more heterogeneous as natural environments due to the variation in micrometeorological conditions that may occur within the protected environment, provided by its specific structural characteristics Lúcio et al. 2011 ). In addition, characteristics inherent to horticultural crops such as the presence or absence of fruits suitable for harvesting, the multiple harvests that are carried out in some crops, and the more intensive cultural management in relation to other crops, are additional sources of variability (Lorentz et al. 2005; Lúcio et al. 2008) . Thus, in this type of experiment, often strategies to reduce experimental error such as the use of concomitant observations, adequate experimental design, selection of the experimental unit size and shape, choice of sample size and number of replications cannot be used due to space limitations, or even when used, satisfactory results are not obtained. In these cases, the experiments do not present the necessary precision in order to adequately identify the differences between treatments.
Studies on reduction of experimental error in experiments with lettuce are restricted basically to the determination of sample size, experimental unit and definition of the experimental design (Marodin et al. 2000; Santos et al. 2007; Santos et al. 2010; Lúcio et al. 2011) . Among their conclusions, these authors verified the existence of heterogeneity of variances cases between rows in several trials, but the existence of variability between columns, which would be important because this variability would mean that the cultivation's rows are not homogeneous, was not tested.
The existence of variability among cultivation rows has justified the use of a randomized block design in experiments with lettuce growing in protected environments, using the cultivation rows as the blocks (Segovia et al. 1997; Plese et al. 1998; Carvalho and Tessarioli Neto 2005; Lúcio et al. 2013) . The use of this strategy would be efficient to minimize the effect of row variability on the variance of the error, however, if the hypothesis of variability among columns arranged in the opposite direction of the rows is true, variability within the blocks may be occurring, inflating the variance of experimental error. Thus, it is important to carry out a more detailed study of the variability in protected environments cultivated with vegetables in order to provide a higher accuracy of the experiments in this situation.
The use of border in the experimental units is widespread in field experiments with the aim of reducing the competition among plots (Storck et al. 2016) . In this point of view, several studies have been carried out to test the efficiency of this technique in different crops (Fernandes and Silva 1994; Costa and Zimmermann 1998; Ribeiro et al. 2001; Cargnelutti Filho et al. 2003; Oliveira et al. 2005) . For horticultural crops, however, similar studies were not found. The use of border in protected environments could also minimize the interaction of the plants of the side rows or the end of rows, near the openings of the structures, with the external environment, perhaps minimizing the variability in these environments. However, no studies testing the efficiency of borders use in minimizing the variability in protected environment cultivated with horticultural crops were found in the literature.
In this context, the aim of this research was to study the variability of the fresh mass of lettuce growing in protected environment and to verify the size of the experimental unit and border effect in minimizing this variability.
MATERIAL AND METHODS
The study was carried out from data of two uniformity trails with lettuce culture. The climate of the region, according to Köeppen's classification, is Cfa -temperate rainy type, with rainfall well distributed throughout the year and subtropical from the thermal's point of view (Heldwein et al. 2009 ). The soil is classified in the Brazilian System of Classification of Soils (Santos et al. 2006) as Dystrophic Red Argisol.
The experiments were conducted in greenhouses, one in the autumn and other in the spring, with the cultivar Vera. The plants were arranged in crop rows spaced at 1.0 m, without the use of mulching, with plant spacing at 0.35 m. In both experiments, six cultivation rows were used, each containing 48 plants, arranged parallel to the lateral openings of the greenhouse. The assessed variable was the shoot's fresh matter mass of all the plants of each experiment.
The greenhouse used has following dimensions: 2.0 m height lateral jamb stud, 3.5 m height central jamb stud, 20 m long and 10 m wide, oriented in a northsouth direction. The greenhouse cover was made with low-density polyethylene (LDPE) film, with a thickness of 150 microns and anti-UV additive.
In order to carry out the statistical analyses, the plants were considered in the cultivation rows, parallel to the lateral openings of the greenhouse, and also the same plants arranged in columns, perpendicular to the lateral openings of the greenhouse. For each row and column, the mean, variance and coefficient of variation were calculated, simulating different experimental unit sizes, multiples of the number of plants per row. In each situation, the normality of the data was tested by the Lilliefors test (Campos 1983) , afterward, the homogeneity of row and column variances were tested by the Bartlett test (Bartlett 1937) .
In order to verify the border effect on the variability, it was started from the original scenario (scenario 1) and new scenarios were created by the exclusion of rows (R) and columns (C) (Figure 1 ). To generate the new scenarios in all trials, a line was simultaneously excluded from each side end of the greenhouse. Columns were excluded one by one simultaneously at each end of the greenhouse up to 50% of the available columns has been excluded (Figure 1 ). The scenarios created were: 1) R0C0 -no border; 2) R0C1 -one column excluded; 3) R0C2 -two columns excluded; 4) R0C3 -three columns excluded; 5) R0C4 -four columns excluded; 6) R0C5 -five columns excluded; 7) R0C6 -six columns excluded; 8) R0C7 -seven columns excluded; 9) R0C8 -eight columns excluded; 10) R0C9 -nine columns excluded; 11) R0C10 -ten columns excluded; 12) R0C11 -eleven columns excluded; 13) R0C12 -twelve columns excluded; 14) R1C0 -one row excluded; 15) R1C1 -one row and one column excluded; 16) R1C2 -one row and two columns excluded; 17) R1C3 -one row and three columns excluded; 18) R1C4 -one row and four columns excluded; 19) R1C5 -one row and five columns excluded; 20) R1C6 -one row and six columns excluded; 21) R1C7 -one row and seven columns excluded; 22) R1C8 -one row and eight columns excluded; 23) R1C9 -one row and nine columns excluded; 24) R1C10 -one row and ten columns excluded; 25) R1C11 -one row and eleven columns excluded; 26) R1C12 -one row and twelve columns excluded.
This procedure was performed at different experimental unit sizes, multiple of the number of plants per row. For each row or column exclusion or combination of row and column exclusion, and for each experimental unit size, a new variance was calculated per row and column, being the Lilliefors and Bartlett tests repeated. For each scenario, the variance and coefficient of variation of the experiment were calculated again. Statistical analyseswere performed in SAEG statistical software 9.1 and Microsoft Excel, with 5% error probability.
RESULTS AND DISCUSSION
It was verified that the percentage of cases of heterogeneous variances between rows was higher in the autumn experiments than in the spring experiments. Considering all scenarios (Figure 1 ), variance heterogeneity was verified in 52.93% of the cases in the autumn (Table 1 ) and in 14.81% in the spring (Table 2) , with the production of fresh mass shoot per plant of 0.250 kg in autumn and 0.405 kg in spring. These results show that the crop season of cultivation influences the productive variability and productivity, agreeing with the results found by Lúcio et al. (2011) . The heterogeneity of variances between rows in the trials with horticultural crops has been attributed, among other causes, to the lateral openings of the greenhouse, which can provide differentiated growth conditions to the plants. The variability between cropping seasons is attributed to the oscillation in meteorological conditions between the seasons (Santos et al. 2012) .
By comparing the scenarios with exclusions of rows and/or columns (scenario 2 to 26) and the scenario with no 
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exclusions (scenario 1), three situations were observed. In the autumn experiment, the exclusion of rows or columns allowed, in most cases, that the percentage of cases with variance heterogeneity between rows remained the same or increased (Table 1 ). In some situations of the spring experiment, the percentage of cases with heterogeneous variances between rows decreased, and in the scenarios 2, 3, 4, 5 and 6, the variances were homogeneous (Table 2) . In some scenarios, however, the percentage of heterogeneous variance has increased. As the results were not repeated between scenarios in the two growing seasons, it is not possible to make a recommendation of the number of rows or columns to be excluded in order to provide homogeneous variances.
Regarding the number of plants per experimental unit, when there were no row or column exclusions (scenario 1), it was noticed that the increase in the size of the experimental unit was effective in reducing the cases of heterogeneity of variances between rows in both growing seasons (Tables 1  and 2 ). These results agree with Zhang et al. (1994) , who verified that the increase of the size of the experimental unit provides a reduction of the variability. Thus, for Scenarios: 1) R0C0 -no border; 2) R0C1 -one column excluded; 3) R0C2 -two columns excluded; 4) R0C3 -three columns excluded; 5) R0C4 -four columns excluded; 6) R0C5 -five columns excluded; 7) R0C6 -six columns excluded; 8) R0C7 -seven columns excluded; 9) R0C8 -eight columns excluded; 10) R0C9 -nine columns excluded; 11) R0C10 -ten columns excluded; 12) R0C11 -eleven columns excluded; 13) R0C12 -twelve columns excluded; 14) R1C0 -one row excluded; 15) R1C1 -one row and one column excluded; 16) R1C2 -one row and two columns excluded; 17) R1C3 -one row and three columns excluded; 18) R1C4 -one row and four columns excluded; 19) R1C5 -one row and five columns excluded; 20) R1C6 -one row and six columns excluded; 21) R1C7 -one row and seven columns excluded; 22) R1C8 -one row and eight columns excluded; 23) R1C9 -one row and nine columns excluded; 24) R1C10 -one row and ten columns excluded; 25) R1C11 -one row and eleven columns excluded; 26) R1C12 -one row and twelve columns excluded.
lettuce crop, the use of an experimental unit constituted of a single plant is not recommended. When no row or column deletions were made (scenario 1), the variances among columns, in opposite direction to the crop rows, were homogeneous in the two growing seasons (Tables 3 and 4) . However, in some scenarios where exclusions were made, the variances among columns were heterogeneous. This result proves that column and/ or row deletion is not effective in the homogenization of columns and, in some situations, it can make them heterogeneous.
The results found in this research allow us to verify that the use of borders composed of rows and/or columns is not effective in the homogenization of variances between rows or columns. This homogenization is achieved by increasing the size of the experimental unit. Thus, it is suggested that in these experiments it is possible to use the completely randomized design, . Scenarios: 1) R0C0 -no border; 2) R0C1 -one column excluded; 3) R0C2 -two columns excluded; 4) R0C3 -three columns excluded; 5) R0C4 -four columns excluded; 6) R0C5 -five columns excluded; 7) R0C6 -six columns excluded; 8) R0C7 -seven columns excluded; 9) R0C8 -eight columns excluded; 10) R0C9 -nine columns excluded; 11) R0C10 -ten columns excluded; 12) R0C11 -eleven columns excluded; 13) R0C12 -twelve columns excluded; 14) R1C0 -one row excluded; 15) R1C1 -one row and one column excluded; 16) R1C2 -one row and two columns excluded; 17) R1C3 -one row and three columns excluded; 18) R1C4 -one row and four columns excluded; 19) R1C5 -one row and five columns excluded; 20) R1C6 -one row and six columns excluded; 21) R1C7 -one row and seven columns excluded; 22) R1C8 -one row and eight columns excluded; 23) R1C9 -one row and nine columns excluded; 24) R1C10 -one row and ten columns excluded; 25) R1C11 -one row and eleven columns excluded; 26) R1C12 -one row and twelve columns excluded.
provided that a suitable experimental unit size be used.
In autumn and spring growing seasons, it was verified that the exclusion of only columns (scenarios 2 to 13) does not substantially changes the magnitude of the coefficient of variation (henceforth, CV). However, the exclusion of rows or rows jointly with columns (scenarios 14 to 26) reduces the CV, compared to the scenarios where these exclusions were not made (Tables 5 and 6 ). The reduction in CVs values, provided by the exclusions, is related to the reduction of the means, since there are no significant changes in the magnitudes of variances. Lúcio et al. (2008) and Santos et al. (2012) point out that the lateral rows in protected environment are subjected to different conditions of air temperature and soil moisture. Possibly, the smallest CVs observed with the exclusion of lateral rows are due to the fact that these rows are in unfavorable conditions, with lower average production, and their exclusion has increased the average of the experiment, consequently reducing the CV. Scenarios: 1) R0C0 -no border; 2) R0C1 -one column excluded; 3) R0C2 -two columns excluded; 4) R0C3 -three columns excluded; 5) R0C4 -four columns excluded; 6) R0C5 -five columns excluded; 7) R0C6 -six columns excluded; 8) R0C7 -seven columns excluded; 9) R0C8 -eight columns excluded; 10) R0C9 -nine columns excluded; 11) R0C10 -ten columns excluded; 12) R0C11 -eleven columns excluded; 13) R0C12 -twelve columns excluded; 14) R1C0 -one row excluded; 15) R1C1 -one row and one column excluded; 16) R1C2 -one row and two columns excluded; 17) R1C3 -one row and three columns excluded; 18) R1C4 -one row and four columns excluded; 19) R1C5 -one row and five columns excluded; 20) R1C6 -one row and six columns excluded; 21) R1C7 -one row and seven columns excluded; 22) R1C8 -one row and eight columns excluded; 23) R1C9 -one row and nine columns excluded; 24) R1C10 -one row and ten columns excluded; 25) R1C11 -one row and eleven columns excluded; 26) R1C12 -one row and twelve columns excluded.
Size of experimental unit in plants
The exclusion of lateral rows has reduced the CV, but in a discrete way and, as already discussed, this reduction was not reflected in the homogenization of rows or columns. Therefore, the exclusion of lateral rows in protected environments is not recommended, as it would also reduce the number of experimental units. The reduction of the number of experimental units would result in a reduction in the number of degrees of freedom of the error, impairing the accuracy of its estimation.
In scenario 1, the CV for the experimental unit composed of one plant was 42.14% in the autumn, while in the spring it was 33.72% (Table 5 ). These results show that the growing season influences the productive variability of horticultural crops and agrees with results found by Carpes et al. (2008; , Lúcio et al. (2008; 2011), and Santos et al. (2010) . This because the plants are exposed to different development conditions with the change of season, in addition, these different conditions can occur within the same season or vary in the same season from year to year. Thus, from the statistical-experimental point of view, it is not possible to indicate a seasonal season more suitable for experiments with lettuce in protected environment. Scenarios: 1) R0C0 -no border; 2) R0C1 -one column excluded; 3) R0C2 -two columns excluded; 4) R0C3 -three columns excluded; 5) R0C4 -four columns excluded; 6) R0C5 -five columns excluded; 7) R0C6 -six columns excluded; 8) R0C7 -seven columns excluded; 9) R0C8 -eight columns excluded; 10) R0C9 -nine columns excluded; 11) R0C10 -ten columns excluded; 12) R0C11 -eleven columns excluded; 13) R0C12 -twelve columns excluded; 14) R1C0 -one row excluded; 15) R1C1 -one row and one column excluded; 16) R1C2 -one row and two columns excluded; 17) R1C3 -one row and three columns excluded; 18) R1C4 -one row and four columns excluded; 19) R1C5 -one row and five columns excluded; 20) R1C6 -one row and six columns excluded; 21) R1C7 -one row and seven columns excluded; 22) R1C8 -one row and eight columns excluded; 23) R1C9 -one row and nine columns excluded; 24) R1C10 -one row and ten columns excluded; 25) R1C11 -one row and eleven columns excluded; 26) R1C12 -one row and twelve columns excluded Scenarios: 1) R0C0 -no border; 2) R0C1 -one column excluded; 3) R0C2 -two columns excluded; 4) R0C3 -three columns excluded; 5) R0C4 -four columns excluded; 6) R0C5 -five columns excluded; 7) R0C6 -six columns excluded; 8) R0C7 -seven columns excluded; 9) R0C8 -eight columns excluded; 10) R0C9 -nine columns excluded; 11) R0C10 -ten columns excluded; 12) R0C11 -eleven columns excluded; 13) R0C12 -twelve columns excluded; 14) R1C0 -one row excluded; 15) R1C1 -one row and one column excluded; 16) R1C2 -one row and two columns excluded; 17) R1C3 -one row and three columns excluded; 18) R1C4 -one row and four columns excluded; 19) R1C5 -one row and five columns excluded; 20) R1C6 -one row and six columns excluded; 21) R1C7 -one row and seven columns excluded; 22) R1C8 -one row and eight columns excluded; 23) R1C9 -one row and nine columns excluded; 24) R1C10 -one row and ten columns excluded; 25) R1C11 -one row and eleven columns excluded; 26) R1C12 -one row and twelve columns excluded. Scenarios: 1) R0C0 -no border; 2) R0C1 -one column excluded; 3) R0C2 -two columns excluded; 4) R0C3 -three columns excluded; 5) R0C4 -four columns excluded; 6) R0C5 -five columns excluded; 7) R0C6 -six columns excluded; 8) R0C7 -seven columns excluded; 9) R0C8 -eight columns excluded; 10) R0C9 -nine columns excluded; 11) R0C10 -ten columns excluded; 12) R0C11 -eleven columns excluded; 13) R0C12 -twelve columns excluded; 14) R1C0 -one row excluded; 15) R1C1 -one row and one column excluded; 16) R1C2 -one row and two columns excluded; 17) R1C3 -one row and three columns excluded; 18) R1C4 -one row and four columns excluded; 19) R1C5 -one row and five columns excluded; 20) R1C6 -one row and six columns excluded; 21) R1C7 -one row and seven columns excluded; 22) R1C8 -one row and eight columns excluded; 23) R1C9 -one row and nine columns excluded; 24) R1C10 -one row and ten columns excluded; 25) R1C11 -one row and eleven columns excluded; 26) R1C12 -one row and twelve columns excluded.
